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INTRODUCTION
Honey is the most important product of stingless bees (meliponines), consisting basically of a complex mixture of carbohydrates, especially glucose and fructose, organic acids, amino acids, minerals, vitamins, enzymes, pollens, and pigments (Crane 1987 , Fallico et al. 2004 . Its nutritional quality, medicinal, and sensory properties have attracted thousands of consumers. However, worldwide and domestic meliponiculture has faced great difficulties with regard to the conservation of this product, due to its high moisture content, resulting in fermentation and consequent deterioration.
The processes that are normally employed in the preservation of food products have the main objective of maintaining their health, organoleptic, and nutritional
Correspondence to: Carlos Alfredo Lopes de Carvalho E-mail: calfredo@ufrb.edu.br qualities for the longest time possible (Silva 2000) , minimizing alterations related to the presence of microorganisms that develop in environments with nutritious and favorable conditions, according to the microbial species (Gava 1998) .
According to White Júnior (1978) , certain osmophilic yeasts, when present in honey, multiply as moisture increases, facilitating the fermentation process. These microorganisms are present in the body of bees, in nectar, in the soil, and in honey extraction and storage areas.
Honey stored at an adequate moisture content is unquestionably a guaranteed and extremely durable product, which can be exposed on store shelves without problem until consumption (Moraes et al. 1989) .
Considering the difficulty faced by stingless bee keepers with regard to honey conservation owing to its high moisture content, the dehumidification process emerges as a promising alternative. Therefore, this work aimed to evaluate the physicochemical and sensory characteristics of honey samples from stingless bees, submitted to the process of dehumidification.
MATERIALS AND METHODS
The experiment was conducted in the Entomology Laboratory of Centro de Ciências Agrárias, Ambientais e Biológicas at Universidade Federal do Recôncavo da Bahia, in Cruz das Almas, Bahia, Brazil.
Honey samples from stingless bees Melipona scutellaris and M. quadrifasciata were used due to the great honey-producing potential of these species and their importance in family agriculture programs in the Northeast region of Brazil.
COLLECTION OF SAMPLES
M. scutellaris honey came from the Itaparica Island and from Costa do Sauípe, in the coastal region of the State of Bahia, Brazil, while M. quadrifasciata honey came from Tucano and Serrinha, in the Semi-Arid region of the State of Bahia, Brazil. A sample was obtained for each locality, consisting of 1,000 mL of honey collected with a suction pump or a disposable syringe, directly from closed pots of colonies installed in INPA-model rational hives, during the months of December 2005 and January 2006, the period when major blooms occur in those regions.
The honey thus collected was stored in previously sterilized and hermetically sealed glass jars. The jars were placed in a Styrofoam box containing ice and then transported to the laboratory on the same day the honey was collected, and were stored under refrigeration at 8 • C. Two sub-samples were obtained for each sample: one was used as control (fresh) and the other was submitted to the dehumidification process, totaling eight subsamples.
DEHUMIDIFICATION PROCESS
A BOD incubator (Biological Oxygen Demand) (ELE-TROLAB brand, model 122 F) with temperature control was used for honey dehumidification, at temperature of 35.5 • C; moisture inside the BOD chamber was adjusted with silica gel and monitored with a thermohygrometer.
The silica gel was replaced daily due to moisture absorption from the environment.
When incubator moisture was at approximately 40%, non-toxic plastic trays containing the honey subsamples were distributed on the shelves inside the BOD chamber to be exposed to the controlled environment conditions.
Moisture in the various honey samples was determined before and during the dehumidification process using a honey-specific ATAGO refractometer, until a moisture value of approximately 17% was achieved, after five days of exposure, on average.
PHYSICOCHEMICAL ANALYSES
Determinations were made in each sub-sample for reducing sugars (%), apparent sucrose (%) (C.A.C. 1990), moisture ( ATAGO Co. 1988) , diastatic activity (C.A.C. 1990), hydroxymethylfurfural (AOAC 1990) , ash (Pregnolato and Pregnolato 1985) , pH (Moraes and Teixeira 1998) , acidity (AOAC 1990) , and electric conductivity (B.O.E. 1986).
SENSORY EVALUATION
The sensory evaluation was performed by 30 untrained panelists of both sexes, with ages ranging between 20 and 50 years, including students, employees, and professors of Universidade Federal do Recôncavo da Bahia in Cruz das Almas. The sub-samples were coded with three-digit numbers and were served at room temperature, arranged in plastic cups containing approximately 10 g. Mineral water and salt crackers were supplied as palate cleansers between sample evaluations (Ferreira 2000) . Tests were carried out between 0900 and 1200 hours and from 1400 to 1700 hours. We adopted the methodology of Grosso (2006), which was used as basis for the following evaluations: fluidity, color, aroma, crystallization, flavor, and acceptability.
DATA ANALYSIS
The data were submitted to analysis of variance (ANO-VA), Tukey's Test at 5% significance for comparisons between means, and Principal Components Analysis (PCA). A sensory profile analysis of the samples was conducted using spider charts. .10 g C = control (fresh), D = dehumidified, II = Itaparica Island, CS = Costa do Sauípe, TU = Tucano, SE = Serrinha, M = moisture, RS = reducing sugars, AS = apparent sucrose, HMF = hydroxymethylfurfural, DA = diastatic activity, EC = electric conductivity. Means followed by the same letter, in the same column, do not differ by Tukey's test at the 5% significance level.
RESULTS AND DISCUSSION

PHYSICOCHEMICAL ANALYSES
The physicochemical analysis results of M. scutellaris and M. quadrifasciata fresh and dehumidified honey samples are presented in Table I . There were significant differences between the characteristics evaluated in honey samples of both bee species from various localities, and also with regard to the treatment used. According to Carvalho et al. (2006) , honey composition may vary depending on the flora, location, harvest season, management, and especially the bee species that produced the honey (Table I) . The significant differences obtained for moisture between the control and the treatment were expected, because of honey water loss caused by the dehumidification process, which reduced moisture to approximately 17%. Such high moisture present in honey produced by stingless bees is a major hindrance to meliponiculture. Hence, dehumidification emerges as an important step in the conservation of this product, preventing losses by deterioration due to fermentation.
Significant statistical differences were also observed for reducing sugars and apparent sucrose. These differences occurred because of the water loss resulting from dehumidification, with a consequent concentration of sugars.
Statistical differences were observed between the treatments and the controls for hydroxymethylfurfural in the various samples analyzed (Table I) . These differences could be related to an increase in honey concentration caused by water loss, in addition to a possible effect of honey exposure to a temperature of 35.5 • C. Although the HMF value increased, it did not interfere with final product quality, as those values were still well below the maximum value accepted by Brazilian law (Brasil 2000) .
The diastatic activity in the various honey samples showed statistical difference, and treatment values below those found for the controls were observed, probably because of exposure to high temperature during dehumidification. The diastase enzyme is very sensitive to heat, and is recommended to evaluate honey quality, providing indications about the honey's degrees of conservation and overheating, which seriously compromise the product (Soloveve 1971) . In most stingless bee honeys, diastatic activity values are smaller than the minimum value established for honey by Brazilian law (Brasil 2000) . The use of diastatic activity as honey quality indicator has been questioned by White Júnior (1994) , since the amount of this enzyme in freshly-harvested and unheated honey varies quite a bit.
Statistical differences were also observed between the treatment and the control for pH, acidity, ash, and electric conductivity. However, these did not interfere with product quality (Brasil 2000) . Tables II and III and Figure 1 present the principal components analysis results (PCA) relative to the physicochemical analyses of the samples studied. In the PCA graphic representation, each axis (principal component) explains a percentage of total contribution between the samples.
In the samples, the relationships between physicochemical characteristics (Tables II and III) produced contribution percentages of 45.38% for the first component and 32.18% for the second component, explaining 77.56% of the total variation that existed between samples. According to Mardia et al. (1979) , when in a PCA the first two or three components accumulate a relatively high percentage of total variation, in general above 70%, they would satisfactorily explain the variability manifested between the samples. In the present study, the cumulative percentages of total variation (77.56%) demonstrated an excellent explanation of the variation between samples.
From the data in Figure 2 concerning the PCA for physicochemical characteristics, it can be seen that the first principal component suggests similarity between the samples studied, with the formation of two distinct groups: the first comprising dehumidified samples, above the X axis (principal component 1), and the second comprising control samples, below the X axis (principal component 1). An analysis of both groups formed on the X axis shows that one sample in each group formed (5 and 6) departed from the others and was to the left of axis X, probably because it had a higher electric conductivity value, the physicochemical trait that contributed the most towards the formation of groups (Table III ).
An analysis of the second principal component, on the Y axis, shows that samples 2, 4, and 8 stand out because they are located well above the others. These samples are all dehumidified. The trait that contributed the most toward the formation of groups in principal component 2 was moisture (physicochemical). The greatest interference in the honey dehumidification process was caused by this parameter owing to water loss. Sample 6, also dehumidified, departed from the others probably because of its high electric conductivity value (Table I), the parameter that most influenced the formation of groups (principal component 1 -explaining 45%).
SENSORY EVALUATION
The sensory evaluation and acceptability results for M. scutellaris and M. quadrifasciata honey, either fresh or submitted to dehumidification can be observed in Table IV and Figure 3 .
No statistical difference was seen at the 5% level in the evaluations for honey crystallization, flavor, aroma, and acceptability, indicating that the dehumidification process did not interfere with these attributes.
No statistical difference was verified for the color attribute between the treatment (dehumidification) and the control (fresh honey) in the same sample. However, there was statistical difference between some of the various honey samples (bee species/localities). This can be explained by the fact that honey characteristics are differentiated by several factors, including bee species, botanical source, and climatic and edaphic conditions at the location where the honey was produced. With respect to sample fluidity evaluation, statistical differences were observed between the treatment and the control when the samples of each species were evaluated separately. The dehumidification treatment applied to the samples removed moisture from the honey making it denser and imparting higher ratings for this attribute, which is an expected result. The sensory profile of the honey samples evaluated for their various attributes (fluidity, color, aroma, crystallization, flavor, and acceptability) is presented graphically in Figure 2 .
The center of the figure represents point zero in the scale used in the evaluation, while intensity increases from the center towards the edges. The sensory profile is thus revealed when the points are connected.
The results obtained in the present study indicate that honeys submitted to dehumidification do not undergo qualitative alterations and also present good acceptability. Consequently, taking into consideration the significant issue of stingless bee honey conservation resulting from its high moisture content, dehumidification emerges as a promising technique, preventing honey fermentation and consequent deterioration.
